Results-FEV was positively associated with intake of vitamin E in Finland, with intake of fruit in Italy, and with intake of -carotene in the Netherlands. In all three countries men with intakes of both fruit and vegetables above the median had a higher FEV than those with a low intake of both foods. The diVerence in FEV ranged from 110 to 169 ml before and from 53 to 118 ml after energy adjustment. DiVerences in FEV for intake of three antioxidants (vitamins C and E and -carotene) above versus below the median ranged from 61 to 181 ml before and from -35 to 58 ml after energy adjustment. Intake of fish was not associated with FEV. Conclusions-In three European countries a high intake of fruit and vegetables was positively associated with pulmonary function. A high intake of all three antioxidants tended to be positively associated with pulmonary function before, but not after, adjustment for energy intake. Associations of individual antioxidants with pulmonary function were not consistent across countries.
Several epidemiological studies have investigated the relation between diet and chronic obstructive pulmonary disease (COPD). A possible protective eVect against the development of respiratory symptoms, diagnosed COPD, or a decline in pulmonary function has been observed for dietary antioxidants [1] [2] [3] [4] [5] [6] [7] [8] [9] and/or fruit, [10] [11] [12] [13] and for N-3 fatty acids and/or fish intake. [14] [15] [16] Antioxidants and foods rich in antioxidants such as fruit are thought to protect the airways against oxidant mediated damage 17 while the N-3 fatty acids mainly present in fish are thought to have anti-inflammatory eVects through their influence on the metabolism of arachidonic acid. 18 The results of studies investigating the relation between antioxidant factors and COPD related outcomes are not consistent, and vary according to the diVerent outcomes studied, whether intake or plasma levels of antioxidants were studied, and whether only dietary intake of antioxidants or intake of supplements was also included.
Observed associations between intake of antioxidants from diet only and pulmonary function are reasonably consistent with regard to vitamin C and fruit intake.
1-3 6 8- 13 The two studies that did not find a statistically significant association of pulmonary function with intake of vitamin C and fruit or fruit and vegetables were characterised by a small number of subjects (n = 178) 3 or cases (=obstruction, n = 95). 8 Inconsistent results have been obtained on the eVect of dietary intake of vitamin E or -carotene on pulmonary function. Dow et al 3 observed a positive association between vitamin E intake and pulmonary function, but no association was observed in two other studies. 2 6 Intake of -carotene was positively associated with forced expiratory volume in one second (FEV 1 ) and forced vital capacity (FVC) in the study by Grievink et al 6 but not in that by Chuwers et al. 5 The magnitude of the eVect of individual dietary factors on pulmonary function observed so far is small. 19 A small amount of misclassification of dietary intake may therefore have a substantial eVect on the studied associations. Furthermore, one dietary factor with antioxidant capacity may not be a good indicator of the antioxidant status in the lungs related to diet. It may therefore be better to study the joint eVect of several antioxidant factors on pulmonary function.
In the 1960s data on pulmonary function and diet were collected in Finland, Italy, and the Netherlands according to the Seven Countries Study protocol. 20 We have studied pulmonary function in relation to dietary intake of antioxidant (pro-)vitamins, fruit, vegetables, and fish. Furthermore, we have tried to estab-lish whether the joint eVect of either fruit and vegetables or the antioxidant vitamins was more consistent across the countries than the eVects observed with the individual dietary factors.
Methods

STUDY POPULATION
Sixteen population samples of men aged 40-59 years from seven countries were enrolled and examined at baseline for the Seven Countries Study. 20 The men were re-examined five and 10 years later. A summary of the data collection in the three countries is given in table 1. Information on pulmonary function and dietary intake was only available for the two Finnish cohorts in 1969 and for the two Italian and the Dutch cohort in 1965. In Finland one cohort was situated in rural east Finland, close to the Russian border, and the other in a rural area in the west of Finland. The Italian cohorts consisted of men living in Montegiorgio and Crevalcore, two rural villages in central and northern Italy, respectively. The fifth cohort comprised men from Zutphen, a small commercial town in the east of the Netherlands.
Complete data on diet, pulmonary function, and potential confounders were available for 1248, 1386, and 691 men in Finland, Italy and the Netherlands, respectively; data on pulmonary function were missing for 29, 149, and 28 subjects, respectively. Some men were excluded from spirometric testing because they suVered from severe conditions including COPD, as judged by the examining physician. The men with missing lung function data had a lower energy intake than those with a complete record in all three countries and energy adjusted intake of fruit and/or vitamin C tended to be lower.
EXAMINATIONS
Food intake was estimated using the crosscheck dietary history method, providing information about the usual food consumption pattern 6-12 months preceding the interview. 21 All interviews were carried out by extensively trained dieticians and nutritionists. Although the dietary history method was adapted to the local situation in each specific country, the methodology was comparable. The nutrient intake was assessed using computerised versions of the local food tables for the three diVerent countries. 25 Subjects were measured sitting in an upright position. The mean of the two highest values of FEV 1 established in three attempts was used. Assuming that the relation with diet is the same for FEV 0.75 and FEV 1 , the term FEV without further specification will be used.
Information on age, height, weight, smoking, and work related physical activity was collected in a standardised way. 20 Body mass index (BMI) was calculated (weight/height 2 ) and work related activity level was defined as 1 = bedridden, 2 = sedentary, 3 = moderately active, and 4 = hard physical work. Pack years of smoking were calculated as the product of the number of years smoked and the number of packs of cigarettes smoked per day. Former and current smokers indicated the number of cigarettes smoked: 1-4, 5-9, 10-19, 20-29, >30 cigarettes/day and the mid points of these categories (2, 7, 15, 25, 35) were used in the calculations. Former smokers were also asked to indicate how many years ago they stopped smoking. It was assumed that in all cohorts the men started smoking at the age of 16, as known for the Zutphen cohort. A pack of cigarettes was assumed to contain 25 cigarettes.
STATISTICAL ANALYSIS
The cross sectional relation between FEV and dietary factors was analysed using multiple linear regression analysis. Several models for the dependence of FEV on height and age were evaluated. Considered were models with FEV, its logarithm, or FEV divided by height squared (FEV/ht 2 ) as the dependent variable and diVerent forms and combinations of height and/or age as the independent variables. Selection of the "best" model was based on model simplicity, on the percentage of explained variance, and on inspection of residuals. The most parsimonious model with FEV/ht 2 as the dependent and age as the independent variable was chosen. In Finland and Italy all associations were adjusted for cohort. For ease of interpretation age adjusted results are pre- sented in their original scale (FEV in ml) for a man of average height (1.70 m).
Fruit consumption was defined as intake of all fresh and canned fruits and fruit juices. Vegetable intake did not include intake of potatoes and legumes. Individual dietary factors were studied as continuous variables since, in analyses using quintiles of intake, no indications for non-linear relationships with FEV were observed. High antioxidant intake was defined as intake of vitamins C and E and -carotene above the median, and low antioxidant intake as intake of the three antioxidants below the median. Likewise, high and low intakes of fruit and vegetables were defined as intake of both foods above or below the median.
Smoking, BMI, alcohol consumption, and energy intake were considered to be potential confounders. Energy intake was defined as the energy not derived from alcohol. To adjust for energy intake both the energy adjusted dietary factor and energy intake were included in the model according to Rothman. 26 Analyses stratified by smoking status (never, former, current smokers) were not possible due to small numbers in several cells. All analyses were performed using the SAS statistical package (Windows version 6.11, Cary, USA).
Results
Intake of the diVerent dietary factors showed a broad range across countries. Intake of vegetables, for instance, was highest in the Netherlands (mean 176 g) and lowest in Italy (mean 53 g). The Finnish men were on average five years older than the Italian and Dutch men (table 2) .
Smoking was inversely associated with FEV in all countries ( = -5 to -6 ml/pack year, p<0.001). Energy intake was positively associated with FEV after adjustment for smoking, alcohol consumption, BMI, and work related activity level in Finland ( = 14 ml/MJ, p<0.001) and in Italy ( = 34 ml/MJ, p<0.001) but not in the Netherlands ( = 5 ml/MJ, p = 0.54). Energy intake showed a positive association with vitamin E intake in all three countries and with vitamin C intake in Finland and Italy (r = 0.34-0.73, p<0.001).
In table 3 the results of the regression analyses relating individual dietary factors to FEV are given. FEV was positively associated with intake of vitamins E and C (p = 0.05) in Finland, vitamins C and E and fruit in Italy, and with -carotene intake in the Netherlands, after adjustment for smoking, alcohol consumption, and BMI. After subsequent adjustments for energy intake the FEV remained positively associated with intake of vitamin E in Finland, fruit in Italy, and -carotene in the Netherlands.
From the data in tables 2 and 3 the increase in FEV per standard deviation (SD) increase in intake can be calculated. After adjustment for smoking, alcohol consumption, and BMI (model b) for vitamin C the FEV increased by 37 ml per SD (95% CI -0.3 to 74) in Finland and by 53 ml (95% CI 19 to 87) per SD in Italy. For vitamin E, the FEV increased by 93 ml (95% CI 56 to 129) per SD in Finland and by 52 ml (95% CI 15 to 89) per SD in Italy. The increase in FEV with fruit intake was 68 ml (95% CI 28 to 107) per SD in Italy, 59 ml (95% CI -22 to 140) per SD in Finland, and 21 ml (95% CI -23 to 65) per SD in the Netherlands. In all three countries FEV was higher in men with fruit and vegetable intakes above the median compared with those in whom the intake of both foods was below the median, after adjustment for smoking, BMI, and alcohol intake (table 4). Subsequent adjustment for energy intake reduced the observed diVerence in FEV in Finland (from 110 ml to 53 ml) and Italy (from 169 ml to 118 ml) but not in the Netherlands (from 111 ml to 110 ml). FEV tended to be higher before but not after adjustment for energy intake in subjects with vitamin C, vitamin E, and -carotene intakes above the median compared with those in whom the intake of all three antioxidants was below the median level (table 4) .
Fish intake showed no clear association with FEV. After adjustment for all potential confounders the association was inverse and of borderline significance in Finland ( = -0.87 ml/g (95% CI -1.73 to 0.00)) while in the Netherlands no association was observed ( = -0.90 ml/g (95% CI -2.78 to 0.97)). In Italy the association was positive and of borderline significance before ( = 1.52 ml/g (95% CI -0.17 to 3.22)) but not after ( = 0.61 ml/g (95% CI -1.11 to 2.33)) adjustment for energy intake.
Intake of potatoes and margarine or oils, foods containing vitamins C or E, were not associated with FEV. Bread consumption, however, was positively associated with FEV after adjustment for all potential confounders in Finland ( = 0.35 ml/g, SE = 0.17), Italy ( = 0.41 ml/g, SE = 0.17), and the Netherlands ( = 0.57 ml/g, SE = 0.32). Mean (SD) bread consumption was 253 (134) g, 348 (150) g, and 220 (89) g per day in Finland, Italy and the Netherlands, respectively.
When only men aged 50-64 years (the age range included in all three countries) were used in the analyses the observed associations remained essentially unchanged in Finland. In Italy and the Netherlands the observed associations between individual dietary factors and FEV were generally somewhat stronger in the older subgroup. As a result the comparison of intake above and below the median levels for both fruit and vegetables was significantly associated with FEV in the Netherlands ( = 151 ml, SE = 69).
Discussion
In middle aged men from three European countries the observed diVerence in FEV between men with high and low intakes of both fruit and vegetables (joint eVect) ranged from 110 to 169 ml before and from 53 to 118 ml after adjustment for energy intake. Likewise, a change in FEV from 61 ml to 181 ml was observed before, and from -35 ml to 58 ml after, adjustment for energy intake in men with a high intake of vitamin C, vitamin E, and -carotene compared with those with a low antioxidant intake. Observed associations between individual dietary factors and pulmonary function were not consistent across the countries. After adjustment for all potential confounders, FEV was positively associated with intake of vitamin E in Finland, intake of fruit in Italy, and intake of -carotene in the Netherlands.
The joint eVect of fruit and vegetables, as defined here, may be less susceptible to misclassification of dietary intake and may reflect the eVect of a more relevant diVerence in exposure, resulting in a more consistent and stronger association with pulmonary function across the countries. The groups that were compared to evaluate the joint eVect were not extreme in their fruit or vegetable intake. The larger joint eVect is therefore not caused by a larger diVerence in the fruit consumption between the compared groups alone.
Our results with the combined intake of vitamin C, vitamin E, and -carotene are less clear. In the three countries antioxidant intake tended to be positively associated with FEV *Comparing men with intake of all three antioxidants above the median with those in whom the intake of all three antioxidants was below the median. †Comparing men with intake of both fruit and vegetables above the median with those in whom the intake of both foods was below the median. Model a: adjusted for height and age. Model b: adjusted for height, age, smoking, body mass index (BMI), and alcohol consumption. Model c: adjusted for height, age, smoking, BMI, alcohol consumption, and energy intake.
before but not after adjustment for energy intake. Energy intake was strongly and positively associated with pulmonary function in Finland and Italy with a substantial eVect on all observed associations. Energy intake is, however, not a known risk factor for COPD. It is strongly associated with physical activity, but physical activity, even training, does not aVect lung volumes. 27 Energy intake may stand for another unknown factor associated with diet and pulmonary function, but in this case the factor may be an intermediate factor and not a confounder. It is therefore unclear whether energy adjusted or unadjusted results are more valid.
In contrast to other studies, [14] [15] [16] but in accordance with a study on the relation between fish consumption and the 25 year incidence of chronic lung disease in the Dutch cohort, 11 we observed no clear association between fish intake and pulmonary function.
Surprisingly, intake of bread was positively associated with FEV in all three countries with an increase in FEV from 47 to 62 ml per SD increase in intake. An association between whole grain consumption and chronic diseases has been described by Slavin et al, 28 one of the proposed biological mechanisms of action being through the antioxidant capacity of several components of whole grains, including vitamin E. It would be interesting to study the relation between the intake of whole grain products and COPD. Unfortunately, in our study information on the intake of the different types of bread-for example, white versus wholemeal-was not available.
A number of methodological aspects need to be addressed. Firstly, this study was cross sectional in nature and therefore a temporal relation between diet and pulmonary function cannot be established. Due to the relatively small number of subjects in the diVerent countries, especially in the Netherlands, the power of our study may not be suYcient to detect small eVects. Furthermore, although we adjusted for pack years of cigarette smoking, residual confounding by smoking cannot be excluded. Unfortunately it was not possible to repeat the analyses separately in the never smokers due to small numbers. Also, confounding by other health related lifestyle factors cannot be excluded, although work related physical activity, which can be seen as an indicator of socioeconomic status, could not explain the observed associations (results not shown).
The equipment used in the 1960s for measuring pulmonary function was less sophisticated than modern equipment. However, several studies performed in the 1960s meet the current ATS reproducibility criteria. 29 30 As a result of the diVerences in equipment and procedures used in the diVerent countries and because in the Netherlands the FEV 1 was measured rather than the FEV 0.75 , the level of FEV cannot be compared between countries. Comparisons within the three separate countries are, however, valid.
Vitamin C intake relative to the amount of fruit and vegetables ingested was low in Italy compared with Finland and the Netherlands. In the Netherlands potatoes (not included in vegetable intake) are the main source of vitamin C, while in Finland the high vitamin C levels can be explained by the consumption of unpeeled potatoes and forest berries rich in vitamin C. The relative amount of vitamin C derived from fruit is therefore likely to be highest in Italy. Other constituents of fruits such as flavonoids may also have a beneficial eVect on pulmonary function. Whether this explains the stonger association between vitamin C and pulmonary function observed in Italy is, however, speculative. Unfortunately, data on the flavonoid intake of the study subjects in 1965-70 were not available.
In the diVerent countries 4-10% of the men were excluded from the analyses due to missing pulmonary function data. Selection bias towards men with better pulmonary function may have occurred since men with a severe illness, including severe COPD, were excluded from spirometric testing. Furthermore, failure to perform an adequate pulmonary function measurement can be an indicator of impaired respiratory health. 31 Since energy adjusted fruit and/or vitamin C intake tended to be lower in men with missing pulmonary function data, this selection may have caused these associations to be attenuated.
In conclusion, intake of both fruit and vegetables above the median level was positively associated with pulmonary function in three European countries. Intake of the three studied antioxidants (vitamin C, vitamin E, and -carotene) above the median level tended to be positively associated with pulmonary function before but not after adjustment for energy intake. The associations of the individual dietary factors with pulmonary function were not consistent across countries. We postulate that the larger and more consistent joint eVect of fruit and vegetable intake on pulmonary function might be the result of a more relevant and more stable diVerence in exposure.
